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Tillage and nitrogen management effects on crop yield and residual soil nitrate 
Abstract 
Tillage and N management can have great impact on crop yield and off-site transport of nitrate-nitrogen 
(NO 3 -N). This six-year field study on tile-drained Clyde-Kenyon-Floyd soils in northeast Iowa was 
conducted to quantify corn (Zea mays L.) and soybean (Glycine max (L.) Merr.) yield and residual soil NO 
3 -N. Eight treatments (chisel plow vs no-tillage by preplant versus late-spring N-management for both 
corn and soybean phases of a rotation) were evaluated using a randomized complete block design. 
Preplant N was applied by injecting liquid urea-ammonium nitrate solution (UAN) at a rate of 110 kg N ha 
1 . Late-spring soil-test based N-rates averaged 179 and 156 kg N ha 1 for no-till and chisel treatments, 
respectively. No additional N was applied to soybean. Average corn yield on chisel plots was significantly 
(P = 0.05) higher than with no-tillage for both preplant (7.9 vs 6.9 Mg ha 1 ) and late-spring (8.6 vs 8.1 Mg 
ha 1 ) N-management. Average soybean yield where corn had received preplant N (3.6 Mg ha 1 ) was 
significantly (P = 0.05) greater than where late-spring N-management (3.4 Mg ha 1 ) was used. Residual 
tillage effects did not significantly (P = 0.05) affect soybean yield. The average residual soil NO 3 -N to a 
depth of 1.2 m following corn was significantly (P = 0.05) lower for preplant (21 kg N ha 1 ) than late 
spring (29 kg N ha 1 ) N-management under no-till system, presumably reflecting differences in N 
application rates. Residual soil NO 3 -N following soybean was significantly (P = 0.05) lower in no-till (28 
kg N ha 1 ) than chisel (37 kg N ha 1 ) plots. Average over-winter changes in residual soil NO 3 -N were 
greatest in corn plots previously fertilized with a single preplant application (+13 to 18 kg N ha 1 ) and 
most variable following soybean in plots where corn was fertilized based on late-spring nitrate test 
(LSNT) values (-8.5 to +6.3 kg N ha 1 ). Therefore development of efficient N-management strategies may 
require complete understanding of N-cycling processes taking place in the soil profile over winter months. 
The results of the study demonstrate that chisel plow increased corn yield with late-spring N-
management and with preplant N when compared to no-till system. 
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Application of N is essential for sustaining food,feed, and fiber production, but in the midwesternU.S., nonpoint pollution of surface water andgroundwater resources has been identified as an
unintended off-site impact of this agricultural management
practice (Kanwar et al., 1999; Jaynes et al., 1999;
Cambardella et al., 1999). Low crop recovery of applied N
is a major reason for not only nonpoint pollution, but also
economic loss to farmers throughout the region
(Karlen et al., 1998; Power et al., 1998). In this context,
field studies evaluating the impact of agricultural
management practices on soil and water quality are needed
to provide the information for developing more
economically and environmentally sustainable soil and
crop management systems (Bakhsh et al., 2000).
Tillage is a soil management factor that strongly affects
N use efficiency through its impact on water entry,
retention, and subsequent N-cycling processes in the soil
profile (Weed and Kanwar, 1996; Boddy and Baker, 1990).
Tillage intensity ranges from the currently conventional
tillage (CT) practice of chisel-plowing to the least intensive
practice, no-tillage (NT). It affects N cycling in several
ways by altering soil structure and the decomposition of
crop residues and soil organic matter (Katupitiya et al.,
1997). As a result, the structure of soils in NT fields is
often very different from that in CT fields. Macropores,
including cracks, worm burrows, and root channels, are
generally larger in size and form a better connected
network in NT than CT soil (Singh and Kanwar, 1991).
Also, as the intensity of tillage is decreased, the quantity of
mulch remaining on the soil surface from a previous crop
will increase. The increased mulch will generally reduce
evaporation and runoff while increasing infiltration
(Green et al., 1995). The well-developed network of
macropores, reduced evaporation and runoff, and greater
infiltration often results in greater soil water content and
deep percolation rates in NT than CT fields (Smith and
Cassel, 1991).
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(NO3-N). This six-year field study on tile-drained Clyde-Kenyon-Floyd soils in northeast Iowa was conducted to quantify
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Regarding N management, the late-spring application
versus a single preplant application may offer the greatest
potential for increasing crop yield while reducing NO3-N
leaching from the soil profile (Jokela 1992; Jokela and
Randall, 1989; Kanwar et al., 1988). Many studies have
shown environmental benefits and greater corn yields with
late-spring N applications based on the late-spring soil
nitrate test (LSNT) criteria developed for Iowa soils
(Durieux et al., 1995; Isfan et al., 1995; Blackmer et al.,
1989). However, these studies have not integrated effects
of crop rotation, tillage, and N management into complete
systems for evaluation. This systems approach is important
because tillage and crop rotation are two management
factors that significantly influence N cycling and the fate of
NO3-N within the soil profile (Karlen et al., 1994;
Serem et al., 1997).
One of the most effective methods for quantifying
potential environmental and crop yield effects of various
soil and crop management practices is to conduct field
evaluations at sites with intensively monitored subsurface
drainage lines. Previously, Kanwar et al. (1997) reported on
tillage effects and Bjorneberg et al. (1998) reported on
N-fertilizer management on subsurface drainage water
quality at Iowa State University’s Northeastern Research
Center, Nashua, Iowa. Both reports, however, emphasized
the need for additional studies to evaluate the effects of
different N rates and times of application on drainage water
quality, residual soil NO3-N, and crop yield for various
tillage practices. Evaluating combined effects of tillage and
N management at a site underlain by a drainage network
was hypothesized to be important because subsurface
drainage not only removes excess water from the soil
profile but also enhances NO3-N leaching and affects
denitrification (Patni et al., 1996; Xue et al., 1999). 
This study was conducted to quantify the combined
effects of tillage and N management on crop yield and
residual soil NO3-N for both phases of a corn and soybean
rotation. The tillage treatments consisted of either chisel
plow or no-till, while N management consisted of either a
single, fixed-rate preplant application or a post-emergence
application based on the LSNT at the V6 growth stage. 
METHODS AND MATERIALS
The study was conducted at Iowa State University’s
Northeastern Research Center near Nashua, Iowa. The
experimental plots were located on predominantly Floyd
loam (fine-loamy, mixed, mesic Aquic Hapludolls),
Kenyon silty-clay loam (fine-loamy, mixed, mesic Typic
Hapludolls) and Readlyn loam (fine-loamy, mixed mesic
Aquic Hapludolls) soils with 30 to 40 g kg–1 (3 to 4%)
organic matter. These soils are moderately well to poorly
drained with seasonally high watertables, and are
commonly referred to as the Kenyon-Clyde-Floyd Soil
Association. Land slopes may vary from 1% to 3% (Voy,
1995).
The site has a total of 36, 58.5 m × 67 m plots, with
fully documented tillage and cropping records for the past
20 years. They had been managed in a randomized
complete block design with four tillage treatments (chisel
plow, ridge-tillage, moldboard plow, and no-till) since 1978
(Bjorneberg et al., 1996). In 1993, new N-management
practices were implemented for both chisel plow and no-till
treatments. During conversion from four tillage treatments
to two, every possible effort was made to maintain similar
tillage and crop rotation practices. This resulted in 24 plots
being used for eight treatments: (1) corn after soybean with
chisel plowing and late-spring N application based on the
LSNT (CCPLS); (2) corn after soybean with chisel
plowing and a single preplant application of UAN fertilizer
solution (CCPSA); (3) corn after soybean under no-till with
a late-spring N application based on the LSNT (CNTLS);
(4) corn after soybean under no-till with a single preplant
application of UAN (CNTSA); (5) soybean after corn in
plots where chisel plow and late-spring N management had
been used for the corn (SCPLS); (6) soybean after corn in
plots where chisel plow and preplant N management had
been used for corn (SCPSA); (7) soybean after corn in
plots where corn was grown no-till and fertilized using
late-spring N management (SNTLS); and (8) soybean after
corn in plots where corn was grown no-till and fertilized
using a single preplant N-application (SNTSA). 
Single preplant spring application of UAN solution
fertilizer was made using a spoke injector, which injects at
about 200-mm intervals and at 250 mm from corn rows
(Baker et al., 1989). Split application of nitrogen fertilizer
included 30 kg N ha–1 from urea applied with corn planter
and late spring N application based on LSNT from UAN
using spoke injector (Bjorneberg et al., 1998). Details on
management activities are given in tables 1 and 2. Corn,
whether fertilized preplant at a rate of 110 kg N ha–1 or
based on the LSNT at rates averaging 179 kg N ha–1 for
no-till or 156 kg N ha–1 for chisel treatments, was planted
in rows spaced 750 mm apart. Soybean was drilled in
200-mm rows directly into corn stover from the previous
year without any additional fertilizer application. Same
varieties of corn (Golden Harvest 2343) and soybean
(Sands of Iowa 237) were used during the six-year
experiment.
Soil NO3-N concentrations were measured for the top
1.2 m, at three locations spaced at least 15 m apart in the
center 25% of each plot. Samples were collected one to
two weeks before planting (BP), and about two weeks after
harvest (AH) using zero contamination (free from
contamination) tubes that were 1220 mm long and
22.2 mm in diameter. The 1220-mm sample tubes were
frozen immediately after collection. They were
subsequently thawed, fractionated into four to seven depth
increments depending upon year and composited for the
three sampling locations within each plot. The composite
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Table 1. Schedule of management activities of the study
area at the Northeast Research Center, Nashua, Iowa 
Field Operations 1993 1994 1995 1996 1997 1998
Spring fertilizer 
application 14-May 24-Apr 12-May 3-May 12-May 1-May
Primary tillage 
(chisel plow) 20-Nov 15-Nov 20-Nov 17-Nov 12-Nov 17-Nov
Corn planting 17-May 2-May 16-May 21-May 12-May 5-May
Soybean planting 26-May 17-May 22-May 30-May 16-May 18-May
Sidedress fertilizer 
application 7-Jul 17-Jun 22-Jun 24-Jun 19-Jun 15-Jun
Cultivation 
(corn plots) 21-Jul 2-Jun 14-Jun 24-Jun 19-Jun 4-Jun
Approximate 
corn maturity 1-Sep 2-Sep 7-Sep 5-Oct 30-Sep 10-Sep
Corn harvesting 25-Oct 28-Sep 22-Sept 21-Oct 10-Oct 22-Sep
Soybean harvesting 7-Oct 6-Oct 11-Oct 8-Oct 2-Oct 1-Oct
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samples were sieved, sub-sampled to determine
gravimetric water content and for extraction with 2 M KCl
to determine NO3-N concentrations. Soil extracts were
analyzed for NO3-N using the cadmium reduction method
with a Technicon Analyzer II (Kanwar et al., 1988). The
data were reported as mg kg–1 (ppm) NO3-N in the soil.
The NO3-N concentrations per unit mass of soil
(mg kg–1) were multiplied by the corresponding depth of
soil (cm) and bulk density (g cm–3) and were divided by
10 (conversion factor) to calculate the NO3-N mass
(kg N ha–1) for that soil horizon. Corn and soybean yield
data were collected from each plot, tested for moisture
content, and adjusted to a constant water content of
155 g kg–1 (15.5%) for corn and 130 g kg–1 (13%) for
soybean. Grain yield for each plot was measured using a
modified commercial combine with all stover left in the
field (Bjorneberg et al., 1998).
Crop yield and residual soil NO3-N data for the eight
treatments were analyzed using a randomized complete
block design. Analysis of Variance (ANOVA) tables were
developed (tables 3 and 4) using SAS version 6.1 (SAS,
1989) and Least Significant Difference (LSD) values were
used to compare mean values. Cropping system effects
were evaluated on a yearly basis with data from corn and
soybean being analyzed separately.
The off-season precipitation data for the months of
November, December, (preceding year) and January,
February, March, and April (following year) were not
available on site, and, therefore, were obtained from a
nearby station, Charles City about 16 km from the research
site, and were used during analysis. The growing season
rainfall data for six years (1993-1998) were available on
site (fig. 1).
RESULTS AND DISCUSSION
The cropping system effects on corn yield were highly
significant (P = 0.01) for all years except 1995 when a
hailstorm severely damaged the crop (table 3). These
effects were mostly non-significant (P = 0.01) on soybean
yields because soybean was drilled directly into corn stover
(no fall chiseling) and no N-application was made to
soybean thereby diminishing the treatment effects on
soybean. Soybean yield seems more prone to climatic
effects when compared with corn because less management
practices were used for soybean. Residual effects of
treatments on soybean yields were apparent only for years
having seasonal rainfall below normal (table 3). Similarly
treatment effects on postharvest residual soil nitrate
(table 3) were significant (P = 0.05) for all years except
1995, when hailstorm affected the crop growth and
N-uptake processes. The analysis of variance based on
pooled data for six years showed highly significant effect
of cropping systems, years, and their interaction on corn
and soybean yields and residual soil nitrate (table 4).
CROP YIELD
Average corn grain yield ranged from 5.6 to
9.8 Mg ha–1 for 1993 through 1998 (table 5). Tillage and
N-management effects were significant (P = 0.05) every
year except 1995 when a hailstorm substantially reduced
grain yield (Bjorneberg et al., 1998). When averaged for
the six years, late-spring application of N based on soil-test
NO3-N concentrations resulted in significantly higher grain
yield than a single preplant application for chisel plow
(8.6 vs 7.9 Mg ha–1) and no-till (8.1 vs 6.9 Mg ha–1)
treatments. This trend was consistent for all six years,
although the greatest difference occurred during the
transition year (1993). Ideally, this positive response
occurred because the late-spring application coincided with
plant demand. However, the average N rate based on the
1591VOL. 43(6): 1589-1595
Table 2. Nitrogen application rates for various cropping systems from 1993 to 1998
Application
1993 1994 1995 1996 1997 1998 Average
Rates NT* CP† NT CP NT CP NT CP NT CP NT CP NT CP
LSNT‡ 144 93 169 160 193 160 195 169 187 171 189 186 179 156
Single§ 110 110 110 110 110 110 110 110 110 110 110 110 110 110
* NT = No-till system. 
† CP = Chisel plow system.
‡ LSNT = Late spring nitrate fertilizer application rates (kg N ha–1) for corn after soybean, includes 30 kg N ha–1 applied with planter.
§ 110 kg N ha–1 for corn after soybean in rotation plots (CS).
Table 3. Analysis of variance for residual soil NO3-N (RSN)
in the root zone and crop yields on yearly basis
Sources of
P > F* (corn)
Variability df† 1993 1994 1995 1996 1997 1998
Blocks (blk) 2 0.57 0.08 0.81 0.33 0.49 0.20
Cropping systems (trt) 3
Error (blk x trt) 6 0.00 0.00 0.44 0.00 0.00 0.00
P > F (soybean)
Blocks (blk) 2 0.13 0.24 0.72 0.82 0.02 0.82
Cropping systems (trt) 3
Error (blk x trt) 6 0.46 0.00 0.08 0.00 0.04 0.23
P > F (RSN)
Blocks (blk) 2 0.09 0.47 0.23 0.11 0.33 0.12
Cropping systems (trt) 7
Error (blk x trt) 14 0.04 0.01 0.09 0.00 0.04 0.05
* P > F = Probability values.
† df = Degrees of freedom.
Table 4. Analysis of variance on the postharvest residual
soil NO3-N (RSN) and crop yields (1993-1998)
Yields (Mg ha–1)
Sources of
Corn Soybean RSN (kg N ha–1)
Variability df MSE* P>F df MSE P>F df MSE P>F
Blocks (blk) 2 0.16 0.41 2 0.04 0.22 2 663 0.01
Cropping 
systems (trt) 3 8.78 0.00 3 0.21 0.00 7 569 0.00
Error (blk × trt) 6 0.08 6 0.02 14 108
Year 5 38.43 0.00 5 3.40 0.00 5 2571 0.00
Year × trt 15 1.16 0.00 15 0.04 0.00 35 210 0.00
Error 40 0.18 40 0.01 80 83
*  MSE = Mean square error. 
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LSNT (156 or 179 kg N ha–1 for chisel and no-till
treatments, respectively) was substantially greater than the
fixed preplant fertilizer rate (110 kg N ha–1). The LSNT
based rates were more consistent with the N application
rates used for rotated corn (168 kg N ha–1) for 1978
through 1992 (Kanwar et al., 1997). But crop
measurements using the chlorophyll meter (Siambi et al.,
1999) showed no significant differences for the late-spring
and preplant treatments at various corn growth stages
(Ritchie et al., 1996). Unfortunately, the number of
available plots at this research site prevented comparing
equal preplant and LSNT based N rates, so it was simply
impossible to determine if the yield response was caused
by timing or rate of N fertilization.
Effects of chisel plow and no-till management on corn
yield varied among years, probably because of differences
in seasonal weather pattern (table 5). The six-year average
with chisel plow (8.25 Mg ha–1) was significantly greater
(P = 0.05) than with no-tillage (7.50 Mg ha–1). When
evaluated for the two N-management treatments, chisel
plowing compared to no-tillage increased yield 6% in
LSNT plots (8.6 vs 8.1 Mg ha–1) and 14% (7.9 vs
6.9 Mg ha–1) with preplant N application.
When averaged for the six years, soybean following
corn fertilized with a single preplant N application had
significantly higher yield (3.6 vs 3.4 Mg ha–1) than where
the corn had been fertilized based on the LSNT (table 6).
The differences were significant (P = 0.05) in 1994 and
1996 for both tillage treatments, in 1995 where chisel
plowing had been done for corn, and in 1997 where corn
had been grown using no-till management. This response
was opposite that for corn and was probably not caused by
carry-over N since the preplant N rates were lower than the
LSNT based rates. One explanation for the differences
could be the presence of greater corn residue in LSNT plots
because of higher corn yield, and thus greater effects on
soybean stand establishment, growth, and yield. Another
could be depletion of soil water or an essential plant
nutrient because of the increased corn yield. Soybean was
drilled directly into stover from the previous corn crop and
1592 TRANSACTIONS OF THE ASAE
Figure 1–Monthly rainfall for the growing seasons (March through November) from 1993 through 1998.
Table 5. Tillage and N-management effects on 
corn grain yield (Mg ha–1)
Treatment Year
Tillage – N mgmt. 1993 1994 1995 1996 1997 1998 Average
Chisel – late spring 7.7a 8.2a 6.1a 9.2a 10.1a 10.7a 8.6a
Chisel – preplant 5.1b 7.9a 6.0a 8.8b 9.8bc 9.7b 7.9b
No-till - late spring 7.3a 7.3b 5.3a 9.1ab 9.9ab 9.6b 8.1b
No-till – preplant 4.3b 6.3c 5.1a 8.4c 9.5c 8.1c 6.9c
Average 6.1 7.4 5.6 8.9 9.8 9.6 7.9
Coefficient of 
variation (%) 7.9 2.2 14.2 1.9 1.3 3.7 5.3
Standard error 0.3 0.1 0.5 0.1 0.1 0.2 0.1
LSD(0.05)* 0.9 0.3 1.6 0.3 0.3 0.7 0.2
*  LSD(0.05) = least significant difference at 5% probability value.
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when averaged for the six years, residual tillage effects
were not significantly different. The wet year of 1993 and a
hail storm in 1995 also resulted in lower soybean yields.
Seasonal weather patterns presumably contributed
substantially to variability associated with crop yield. For
example, the monthly growing-season rainfall distribution
for this six-year study period (fig. 1) shows that during
1993 the weather pattern was extremely wet with a
seasonal precipitation of about 1030 mm. This compares to
a normal amount, which is about 840 mm. As stated
previously, excessive rainfall during 1993 was probably a
major factor contributing to the relatively low corn grain
yield where the N fertilizer had been applied prior to
planting (table 5). During 1994, 1996, and 1997 seasonal
rainfall was below normal, while during 1995 it was close
to normal, and in 1998 it was just slightly above normal.
Except in 1995 when hail severely reduced yield, average
production was 1.5 to 3.5 Mg ha–1 greater than in 1993. 
RESIDUAL SOIL NO3-N
When averaged across crops, tillage treatments, and
N-management practices, the average post-harvest quantity
of NO3-N to a depth of 1.2 m was highly variable ranging
from 14 to 41 kg N ha–1 (table 7). The amount measured
following corn ranged from 5 to 51 kg N ha–1 and averaged
31 and 24 kg N ha–1 for late-spring and preplant
N-management treatments, respectively. When averaged
for the six years, N-management treatments were
significant (P = 0.05) only for no-till corn following
soybean. The average post-harvest quantity of soil NO3-N
was approximately 38% higher (29 vs 21 kg N ha–1) where
corn was fertilized based on the LSNT than at the relatively
low preplant rate of 110 kg N ha–1. Residual soil NO3-N
following soybean harvest was generally greater than after
corn harvest, ranging from 19 to 62 kg N ha–1. No
additional fertilizer N had been applied to soybean,
therefore increases in soil NO3-N measured following
soybean compared to after corn were presumably caused
by both the release of soil N that had been temporarily
immobilized while the corn residues were decomposing
and additions of mineral N through the fixation processes.
Tillage effects on post-harvest soil NO3-N for corn
following soybean were not significant (P = 0.05) for either
the preplant or late-spring N-management treatment.
However, even though soybean was direct-drilled, there
was an apparent residual effect of tillage on that crop.
Where corn had been fertilized based on the LSNT, post-
harvest soil NO3-N following soybean averaged
39 kg N ha–1 in previously chiseled plots and 29 kg N ha–1
where corn had been grown using no-till practices.
Similarly, where corn had been fertilized with a single
preplant application of 110 kg N ha–1, residual soil NO3-N
following soybean averaged 35 and 28 kg N ha–1 in
previously chiseled and no-till plots, respectively.
In addition to its affect on crop yield, the amount of
rainfall (fig. 1) also has a major effect on the fate of the
residual soil NO3-N. This may be true for the rainfall after
harvest, which has been reported to be a major factor
responsible for flushing of NO3-N to subsurface drainage
tiles (Staver and Brinsfield, 1990; Durieux et al., 1995).
For this study, changes in residual soil NO3-N between the
post-harvest and preplant sampling the following year are
presented in table 8. Undoubtedly, all processes affecting N
cycling (nitrification and denitrification, mineralization and
immobilization, decomposition of plant residues, and
leaching) contribute to the net gains and losses between
these two samplings, but soil temperature and water
content are presumably among the most important.
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Table 6. Residual tillage and N-management 
effects on soybean yield (Mg ha–1)
Treatment Year
Tillage – N mgmt. 1993 1994 1995 1996 1997 1998 Average
Chisel – late spring 2.7a 3.2b 3.1a 3.9b 3.7a 3.8a 3.4b
Chisel – preplant 2.7a 3.6a 3.2a 4.1a 3.6ab 4.0a 3.6a
No-till - late spring 2.6a 3.1b 3.2a 3.9b 3.5b 4.0a 3.4b
No-till – preplant 2.7a 3.5a 3.2a 4.2a 3.8a 4.2a 3.6a
Average 2.6 3.3 3.2 4.0 3.7 4.0 3.5
Coefficient of 
variation (%) 3.2 3.9 1.4 1.9 2.2 5.5 3.4
Standard error 0.05 0.07 0.02 0.04 0.05 0.10 0.03
LSD(0.05) 0.2 0.3 0.1 0.2 0.2 0.4 0.1
Table 7. Post-harvest NO3-N (kg N ha–1) to a depth 
of 1.2 m following corn or soybean 
Treatment Year
Tillage – N mgmt. 1993 1994 1995 1996 1997 1998 Average
Corn
Chisel – late spring 34bc 51a 47a 10bc 31b 25a 33abc
Chisel – preplant 44abc 31bc 34abc 7c 32b 14bc 27cd
No-till - late spring 35bc 31bc 47a 5c 39b 18abc 29bc
No-till – preplant 38bc 26c 19c 5c 29b 11c 21d
Soybean
Chisel – late spring 51ab 34bc 42ab 22a 62a 26a 39a
Chisel – preplant 58a 44ab 26abc 24a 34b 24ab 35ab
No-till - late spring 34c 26c 29abc 19ab 47ab 21abc 29bc
No-till – preplant 33c 26c 23bc 25a 31b 28a 28cd
Average 41 34 33 14 38 21 30
Coefficient of 
variation (%) 24 24 38 43 30 31 30
Standard error 6 5 7 4 7 4 2
LSD(0.05) 17 14 22 11 20 11 7
Table 8. Over-winter changes in residual soil NO3-N (kg N ha–1) to
a depth of 1.2 m during a six-year period in northeast Iowa
Year
Treatment
1993/ 1994/ 1995/ 1996/ 1997/ Correlation
Tillage – N mgmt. 1994 1995 1996 1997 1998 Average Coefficient*
Corn
Chisel – late spring 18.3a –2.2bc –5.2bc 29.9abc –17.2a 4.8c –0.43
Chisel – preplant 13.8ab 48.5a 2.8bc 38.9ab –13.5a 18.1a 0.22
No-till - late spring 9.6ab 6.6bc –15.8c 44.7a –21.6a 4.7c –0.14
No-till – preplant 4.3ab 21.9ab 13.8ab 44.1a –18.9a 13.0ab –0.27
(–0.14)
Soybean
Chisel – late spring –12.9b –3.1bc –4.0bc 18.8abc –41.3b –8.5e –0.40
Chisel – preplant –11.8b –7.9bc 22.1ab 14.7bc –14.6a 0.5cd –0.71
No-till - late spring 2.0ab–12.4c 36.1a 34.7ab –28.6ab 6.3bc –0.84
No-till – preplant –4.0ab–11.3c 9.5abc 3.6c –20.4a –4.5de –0.87
(–0.70)
Average 2.4 5.0 7.4 28.7 –22.0 4.3
Standard error 8.4 12.6 11.6 11.4 9.8 10.2
LSD(0.05) 28.3 32.0 28.7 27.4 17.7 8.2
Off-season
precipitation 
(mm)† 176.3 261.6 144.8 180.8 241.3 200.9
* Correlation Coefficient between off-season precipitation and changes in residual
soil nitrate for each treatment. Values in parentheses are averages for corn and
soybean.
† Off-season = November + December (preceding year) + January + February +
March + April (following year)
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Average over-winter changes in residual soil NO3-N
were greatest in corn plots previously fertilized with a
single preplant application (13 to 18 kg N ha–1) and most
variable following soybean in plots where corn was
fertilized based on late-spring nitrate test (LSNT) values
(–8.5 to +6.3 kg N ha–1). Maximum increases following
both corn and soybean were observed for the period
between autumn 1996 and spring 1997. Changes in corn
plots ranged from 30 to 45 kg N ha–1, while following
soybean they ranged from 4 to 35 kg N ha–1. Maximum
loss of NO3-N from the upper 1.2 m occurred between
autumn 1997 and spring 1998. Differences in soil NO3-N
between those two samplings ranged from –14 to
–22 kg N ha–1 following corn and –15 to –41 kg N ha–1
following soybean. 
The analysis of off-season precipitation and changes in
residual soil nitrate showed a significant (P = 0.05)
negative correlation coefficient of –0.87 (table 8) only for
preplant single N-application to corn with no-till system
following soybean. But the negative correlation
coefficients for all other treatments demonstrate that
increase in off-season precipitation will have tendency to
flush more nitrate-nitrogen from the root zone and will
result in negative change of the residual soil nitrate over
winter season. However, not only the amount but also the
time, duration and intensity of rainfall may play a major
role in leaching of nitrate-nitrogen from the root zone and
similarly temperature may also affect the N-cycling
processes in the soil profile over winter months. 
The seasonal variation in both direction and magnitude
of change in profile NO3-N strongly suggests that this is a
critical time in the annual N management cycle for better
understanding and subsequent prediction and management
changes. Developing soil and crop management strategies
that could delay nitrification during winter (Kidwaro and
Kephart, 1998; Gentry et al., 1998) in order to better
synchronize N availability with subsequent plant
requirements is one approach that needs further
development. Another is development of more effective
cover cropping options (Johnson et al., 1998), thus
providing a biological N sink to capture mineralized N
before it leaches below the crop root zone. 
SUMMARY AND CONCLUSIONS
The results from this six-year field study demonstrated
that when compared to a single preplant application of
110 kg N ha–1, use of the late-spring soil nitrate test
(LSNT) to determine the amount of fertilizer N needed and
subsequent application of N fertilizer when corn was at the
V6 growth stage increased grain yield by 9% (8.6 vs
7.9 Mg ha–1) when the seedbed was prepared by chisel
plowing and by 17% (8.1 vs 6.9 Mg ha–1) under no-till
conditions. The LSNT did result in higher N applications
and therefore the quantity of residual soil NO3-N to a depth
of 1.2 m following the corn crop was 18% higher (33 vs
27 kg N ha–1) in chisel plots and 27% higher (29 vs
21 kg N ha–1) in no-till plots.
Chisel plowing increased corn yield 6% (8.6 vs
8.1 Mg ha–1) with LSNT N-management and 14% (7.9 vs
6.9 Mg ha–1) with preplant N when compared to no-till.
The greater response at the lower N rate suggests the more
intensive tillage may have hastened N mineralization and
reduced early-season N stress. Soybean was drilled directly
into corn stover from the prior crops and grain yield did not
show any significant response to residual tillage effects.
Residual NO3-N, however, was significantly (P = 0.05)
greater following soybean that was drilled into plots that
were chiseled for corn than where no-tillage was used. This
response was consistent for both N-management
treatments, averaging 34% (39 vs 29 kg N ha–1) for LSNT
and 25% (35 vs 28 kg N ha–1) for preplant N. There was no
residual effect of tillage on soil NO3-N following corn.
Over-winter changes in residual soil NO3-N were highly
variable and presumably related to differences in seasonal
temperature and precipitation patterns. This appears to be a
very important period for which a better understanding and
prediction of N cycling needs to be developed for the upper
Midwest. The results of the study suggest that chisel plow
with late spring N-application has better potential to
increase crop yields when compared with no-till system
under single N-application of 110 kg N ha–1.
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ABBREVIATIONS
CT = conventional tillage 
NT = no tillage 
NO3-N = nitrate nitrogen 
UAN = urea ammonium nitrate fertilizer solution
LSNT = late-spring soil nitrate test 
CCPLS = corn after soybean with chisel plowing and late-
spring N application based on the LSNT
CCPSA = corn after soybean with chisel plowing and a single
preplant application of UAN fertilizer solution 
CNTLS = corn after soybean under no-till with a late-spring N
application based on the LSNT
CNTSA = corn after soybean under no-till with a single preplant
application of UAN 
SCPLS = soybean after corn in plots where chisel plow and
late-spring N management had been used for the corn 
SCPSA = soybean after corn in plots where chisel plow and
preplant N-management had been used for corn 
SNTLS = soybean after corn in plots where corn was grown no-
till and fertilized using late-spring N management 
SNTSA = soybean after corn in plots where corn was grown no-
till and fertilized using a single preplant application;
LSD, least significant difference at P = 0.05 
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